The Pasteurella species implicated as the etiologic agent of a massive white perch mortality in the Chesapeake Bay and first described by S. F. Snieszko et al. has been characterized further in our laboratory. The general morphology and physiology of this organism is similar to that of the pasteurellae and several known fish pathogens. There are enough dissimilarities, however, to rule out its identification with any established species. The organism is obligately halophilic and grows in a temperature range between 17 and 31 C on ordinary media containing 1% NaCl. It has a relatively narrow range of pH, temperature, and salinity tolerance, and a very short survival time in spent media or brackish water, in contrast to Pasteurella pestis and P. pseudotuberculosis. Serological tests also indicate that this organism is distinct from other species which it resembles. On the basis of classic morphological and physiological criteria, this organism fits best in the genus Pasteurella; the species name piscicida (L. noun piscis, a fish; L.v.L.adj. suffix-cidus, to kill; M.L. noun piscicida, fish killer) is proposed.
During the summer of 1963, an epizootic occurred among white perch (Roccus americanus) in the upper Chesapeake Bay and its tributaries which destroyed approximately 50% of the population (8) . A Pasteurella species (designated Pasteurella sp., white perch), which appeared to be the etiologic agent, was isolated from the blood and organs of moribund white perch and diseased striped bass (Roccus saxatilis) by Snieszko and his co-workers (9) . The morphology and physiology of this organism, as well as the rapidly fatal septicemic character of the disease, led to the suspicion that the organism might be closely related to Pasteurella pestis and, therefore, potentially dangerous to man. This suspicion was reinforced when a preliminary serological test revealed that rabbit antiplague serum reacted with the organism to form gel precipitin bands.
Because of the possible hazards involved, the work begun by Snieszko et al. (9) was continued in our laboratory at Fort Detrick in order to (i) confirm and extend the identification of Pasteurella sp. (white perch), (ii) determine its virulence and pathogenicity in white perch, and (iii) examine its potential danger to public health. The morphology, physiology, and serology of the organism are the subjects of this paper; a study of its virulence, pathogenicity, and epizootiology will be reported in a future communication.
MATERIALS AND METHODS
Twenty-seven of S. F. Snieszko's original isolates of the Pasteurella sp. (white perch) from white perch and striped bass were studied. These isolates were grown on Difco Heart Infusion Broth (HIB) and BBL Blood Agar Base (BAB). Purple Broth (Difco) was used as the basal medium in all sugar fermentation tests. Sodium chloride was added to all media to achieve a final concentration of 1%, except when salt tolerance of the organisms was under study; in this case, Nutrient Broth (Difco) without added NaCl was used as the basal medium. Cultures were incubated statically at 23 C for 48 hr before use.
Cultures of P. pestis (virulent Alexander strain) and P. pseudotuberculosis (type I strain C-7) from the collection at Fort Detrick were employed where indicated. The cultures of Haemophilus piscium and Aeromonas salmonicida, as well as the isolates of Pasturella sp. (white perch), were supplied by S. F. Snieszko. The Vibrio parahaemolyticus culture was obtained from L. J. Berry, and all other cultures used in the serological studies were from the collection of R. R. Brubaker. All cultures of organisms other than the Pasteurella sp. (white perch) were incubated at 26 C on a reciprocating shaker for 48 hr before use.
All tests, techniques, and media used were as recommended in the Manual of Microbiological Methods (10) . In addition, we also used the following tests: vibriostat 0/129 sensitivity, as described by Shewan et al. (7) ; coagulase activity with rabbit plasma, as described by Beesley et al. (2) ; pesticin production VOL. 96, 1968 PASTEURELLA SPECIES PATHOGENIC FOR WHITE PERCH and sensitivity as described by Brubaker et al. (3) ; and cytochrome oxidase as described by Ewing and Johnson (4) .
Phage sensitivity of Pasteurella sp. (white perch) was tested by placing drops of phage cultures on agar plates having visible, confluent, surface growth of the bacteria. The phages, which lyse P. pestis but not P. pseudotuberculosis, were identified in our laboratory as PP1, PP2, PP4, PP5, PP7, PP8, and C-16.
The temperature range in which growth of organisms occurred on the surface of BAB in petri dishes was determined with the method described by Landman et al. (5) .
Salinity and pH tolerance ranges were determined by preparing duplicate sets of cultures in 100-ml Ehrlenmeyer flasks, each containing 50 ml of medium adjusted to a certain pH or concentration of NaCl. For the salinity test, the medium used was Nutrient Broth (Difco). In the first pair of flasks, no NaCl was added; in the second pair of flasks, 0.5% NaCl was added; and, in the remaining series of flasks, increasing concentrations of NaCl, by 0.5% increments through a maximum of 9%, were added. The same procedure was followed in the pH test, except that HIB containing 1% NaCl was used and the pH was adjusted, by appropriate addition of 0.1 N HCl or NaOH, to 4.5 in the first pair of flasks, to 5.0 in the second pair of flasks, and to pH values through pH 11, in 0.5 increments, in the remaining flasks. After autoclaving the media, the pH in one set of flasks was measured and it was assumed that thepH was identical in the duplicate set. All flasks were inoculated with 0.1 ml of a 24-hr HIB culture of the indicated organism diluted 1:10,000 with sterile HIB just before inoculation. A series of control flasks were sampled immediately after inoculation, and all of the test flasks were sampled after 48 hr of incubation at 26 C. The number of viable organisms in each sample was determined by the standard pour-plate method with BAB.
Survival of the various Pasteurella species in brackish water was determined by inoculating cultures of a representative strain into water from the Chesapeake Bay, at Solomons, Md., which contained 1.7% NaCl. The organisms were grown in 50 ml of HIB; then they were washed free from medium by centrifugation and were suspended in filter-sterilized brackish water twice before finally being dispersed in 200 ml of filter-sterilized brackish water. These suspensions were dispensed as 10-ml portions into sterile screw-cap test tubes and were incubated at 23 C. Tubes containing uninoculated sterile brackish water served as a
control. An identical test series was also prepared with unsterilized brackish water. Immediately after the test systems were prepared, a single tube from each series of inoculated water and uninoculated controls was sampled and discarded; this procedure was repeated after 1, 2, 3, 4, 5, 14, 21, 28, 42, and 70 days of incubation. The number of organisms surviving after the various time intervals was determined by the standard pour-plate method with BAB.
Serological studies involved the use of the gel diffusion analysis method of Ouchterlony (6) . Gel plates contained 1% Ionagar §2 (Oxoid) in physiological saline plus 0.1 mg of Merthiolate per ml.
Wells were 6 mm in diameter and 9 mm apart (center to center). The plates were incubated at 23 C and were examined after 6, 12, and 24 hr. Bacterial cultures employed as antigens in the serological tests were grown in appropriate media for 48 hr at 26 C, exposed to sonic vibrations for 10 min with a Raytheon sonic oscillator, and sterilized by filtration; then 0.1 mg of Merthiolate per ml was added to the filtrate, which was stored at 5 C until used. Antisera were produced with New Zealand white rabbits by daily intravenous injection (over a 2-week period) of undiluted 48-hr HIB cultures of Pasteurella sp. (white perch). The initial injection was 0.2 ml (containing 2 X 108 organisms); then each dose was increased by 0.1 ml until a dose of 1 ml (containing 109 organisms) was reached and held constant. Two weeks after the final dose, the rabbits were bled, and 0.1 of Merthiolate per ml was added to the serum before storage at 5 C.
The immunological similarity between Pasteurella sp. (white perch), P. pestis and P. pseudotuberculosis was studied by actively or passively immunizing guinea pigs and mice against Pasteurella sp. (white perch) and testing for immunity against lethal infection with P. psstis. The animals were injected intramuscularly with 0.1-ml doses containing 5 X 107 organisms. Each of 30 Hartley strain guinea pigs (average weight, 500 g) was injected oace weekly for 2 months. Two weeks after the final injection, all of the experimental animals and 10 nonimmunized control animals were each injected intraperitoneally with 235 virulent P. pestis cells. Each of 60 Detrick mice (average weight, 20 g) was injected twice weekly for 1 month; 1 week after the final immunizing dose, the anitnals were separated into six equal groups and were inoculated with graded doses of virulent P. pestis by intraperitoneal injection. Also injected with graded doses of virulent P. pestis were 60 nonimmunized control mice and 60 mice passively immunized by intraperitoneal injection of 0.5 ml of rabbit antisera against Pasteurella sp. (white perch) immediately before challenge. The six challenge doses ranged from 8 to 558 organisms in threefold stepwise increases. In another passive protection test, mice in groups of 10 were each injected intraperitoneally with 0.5 ml of physiological saline, normal rabbit serum, rabbit antiserum against Pasteurella sp. (white perch), or rabbit antiserum against P. pestis. Immediately after these injections, each mouse was challenged intraperitoneally with 18,000 virulent P. pestis cells. All of the actively immunized animals had detectable gel precipitins against Pasteurella sp. (white perch); the rabbit antiserum used for passive immunization had a gel precipitin titer of 1:8. RESULTS
The 27 isolates of Pasteurella sp. (white perch) proved to be identical in every respect. When observed in preparations of blood or organs, stained with Geimsa's blood stain, from moribund, experimentally infected white perch (Fig.  1) T'he major differences between Pasteurella sp.
(white perch) and the organisms which it most resembles are summarized in Table 1 . 
